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IANR Informs Nebraska
One of the major missions of the Institute of Agriculture and Natural Resources is to provide the
latest information available, on a large array of topics, to the people of Nebraska in a form they can
readily assimilate.
All Nebraska citizens are stockholders of IANR.
Institute staff members, therefore, have an obligation
to provide them with the kinds of information they
need and want. The Cooperative Extension Service,
with a blend of county, state, and federal inputs is
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and Natural Resources ................ Martin A. Massengale
Acting Dean and Director
Agricultural Experiment Station

charged with providing an informal education program, primarily in the areas of agriculture and natural resources, family living, 4-H and youth development, and community development. Programs
are designed for citizens of all ages and are available
to all Nebraskans wherever they live.
A variety of avenues of communication is employed to get that job done. Last fiscal year, for instance, county agents, district and state specialists,
and para-professional program aides arranged over
26,000 different meetings at many locations across
the state. These meetings and/or field days, in addition to being informative, provide an opportunity for
interaction between participants and IANR staff. Last
year's programs ranged from district workshops on
"Enriching Family Relationships," to field demonstrations and meetings on crop varietal performances and livestock production, to sessions on the
conservation and efficient use of energy and water.
Institute staff members last year also participated
in radio programs over 15,000 times and in television programs over 1,300 times. Over 19,000 different news articles were prepared, in addition to the
popular Nebguide series and numerous other publications.
The magazine you are now reading is yet another
example of the methods employed by IANR to disseminate information.
The keys to an effective educational-service program are a strong information base and a fast, effective, and accurate delivery system. We believe that
IANR has both.
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ELectromagnetic Energy

Study Aims at Pest Control
By Stuart O. Nelson
and LaVerne E. Stetson
Can electromagnetic energy really
hel p us control insect pests?
This question has been asked off
and on for at least 50 years. Every so
often we read or hear of someone
who answers this question with an
emphatic "yes" and who claims to
have a mysterious device or some
new theory for applying electromagnetic energy to solve some
insect control problem.
Most of these claims turn out to be
false or poorly founded when carefully scrutinized. Some ideas, however, have deserved further investigation to uncover potential new
means for coping with insect pests.
We will discuss one of these approaches in this article.
First, though, let's talk about electromagnetic energy. This term
means different th i ngs to different
people. Most realize that it is electromagnetic energy that carries the
radio and television programs to our
homes. Most people also know that
the energy we get from the su n

traverses the intervening space in the
form of electromagnetic energy.
Light is electromagnetic radiation
that we sense with our eyes.
X-rays are a kind of electromagnetic energy widely used in
medical and dental practice.
Gamma radiation from colbalt-60
and other sources is also useful in
medical treatment.
Heat radiation from a fireplace or
a heat lamp is also electromagnetic
radiation.
Microwave ovens cook foods with
electromagnetic energy.
Microwaves are involved in most
of our telephone transmissions over
long distances.
What many people do not realize
is that all of these various kinds of
electromagnetic radiation are
closely related.

Fundamental Laws
All electromagnetic energy is described by certain fundamental laws
of physics. All electromagnetic radiation travels through space at the
speed of light. The radiation exists in

discrete bundles of energy called
quanta or photons. The wavelength
and the frequency of oscillation of
the electromagnetic fields associated
with each quantum of radiation are
inversely related. That is, the
wavelength decreases as the frequency increases, and vice versa.
The product of the two, wavelength
times frequency, however, is always
a constant, and that constant is the
speed of light in vacuum, 300 million meters per second, or 186,282
miles per second.
The amount of energy in each
quantum of electromagnetic radiation is proportional to the frequency
associated with it. Thus, high-energy
radiations such as gamma rays have
very high frequencies and very short
wavelengths,
whereas
lowfrequency radio waves have very
long wavelengths and low amounts
of energy per quantum. A certain
range
of
frequencies
and
wavelengths is associated with any
particu lar ki nd of electromagnetic
radiation. The electromagnetic
spectrum, in order of increasing
quantum energy, consists of radio
waves; infrared, visible, and ultraviolet radiations; and then X-rays
and gamma rays at the high-energy
end of the spectrum.
The different kinds of radiation
interact differently with matter, including living things, because of
differences in their quantum energy
or other wavelength-related characteristics. People do not sense the
presence of radio waves. If radio
waves are sufficiently intense and of
high enough frequency, radio waves
can produce heating, as, for example, in microwave cooking.
We sense infrared radiation as
heat, because it is absorbed and
converted to heat on the surface of
our bodies.
Visible radiation, or light, has
quantum energies high enough to
cause photochemical reactions essential for vision and photosynthesis.
We do not perceive ultraviolet
radiation directly, but it can cause
fluorescence that yields radiation
visible to us, and solar ultraviolet
radiation produces the familiar sunburning reaction.
X-rays and gamma rays, being
(Continued on next page)
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Electromagnetic ...
very energetic, are highly penetrating radiations, and, because of their
high quantum energies, can disrupt
chemical bonds. Therefore, they are
referred to frequently as ionizing
radiations, and, in sufficient exposures, can be very damaging to living tissues.
All of the various forms of electromagnetic energy mentioned have
been considered for potential use in
controlling insects (Summer Quarterly, 1966). That portion of the
electromagnetic spectrum selected
for carefu I study at the Nebraska
Agricultural Experiment Station was
the radiofrequency range. Cooperative research by USDA research engineers and USDA and University of
Nebraska entomologists showed that
several species of stored-grai n i nsects could be controlled by exposures to radiofrequency (RF) electric
fields of about 40-MHz frequency
(40 million cycles per second) in just
a few seconds (Summer Quarterly,
1958; Summer Quarterly, 1964).
Although the research showed
that adult, pupal, larval, and egg
stages of the insects all could be
controlled without damaging the
grain in which they were found, the
estimates of costs for practical appl ication were three or four times as
much as the costs for chemical control methods. Therefore, new research was aimed at determining
whether the effectiveness of the RF
treatments might be improved to reduce costs of such insect control
treatments.
New Approach
To appreciate the approach taken
in the new research, one needs some
understanding of the way in which
RF electromagnetic energy is absorbed by materials such as insects
and grain. Materials that are relatively poor conductors of electricity
are called dielectrics. Some materials have been found or developed
that have extremely low electrical
conductivity, and such dielectrics
are useful as electrical insulators in
the construction of electrical equipment. When dielectrics are subjected to intense high-frequency
electric fields, the rapidly alternating
fields produce oscillating forces on
4

electric charges in the dielectric. The
induced vibratory motion of charges
and rotation of molecules resu It in
the generation of heat. This heating
process is termed dielectric heating.
It is called microwave heating if the
frequencies of the alternating fields
are in the microwave range (above
about 1 GHz, or 1 billion cycles per
second).
When dielectric materials are
heated, they absorb energy from the
electromagnetic field, and thus
electromagnetic energy is lost to the
dielectric. Materials that absorb
practically no energy are said to
have a low dielectric loss factor, and
those that absorb substantial
amounts of energy have a high loss
factor. The presence of water in
materials such as foods and other
biological materials tends to increase the dielectric loss factor.
Another property of dielectrics
that is important in determining their
behavior when subjected to electromagnetic fields is the dielectric
constant. The dielectric loss factor is
an index of energy loss in the
dielectric, whereas the dielectric
constant provides a measure of the
energy-storage capability of the
dielectric when an electric field is
impressed upon it. These two factors, the dielectric constant and the
loss factor characterize the dielectric
behavior of a material. Therefore,
one can obtain useful knowledge
2.4

ct:

When a dielectric is exposed to RF
electromagnetic fields, the power
loss, or rate of energy absorption, in
that dielectric depends upon the frequency of the applied field, the
electric field intensity, and the
dielectric loss factor of the material.
When a mixture of materials such as
grain and insects is exposed to RF
fields, there is a possibility that one
component of the mixture will absorb more energy and be heated
more rapidly than the other. This
principle permits selective heating of
insects in grain by RF dielectric
heating, because the insects have
dielectric properties that are different from those of the grain. The most
important property that determines
the differential absorption of energy
is the dielectric loss factor. The
dielectric constant also plays a role,
because the relative values of the
dielectric constants of the materials
in the mixture influence the electric
field intensities in the two materials.
These dielectric properties for materials such as insects and grain are not
constant. They depend upon the frequency of the applied electromagnetic fields and upon the
temperature, moisture content, and
density of the materials.
Of all the factors that influence
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Figure 1. Variation with frequency of the dielectric loss factor of adult rice weevils and wheat.

energy absorption in materials, frequency is the only one over which
we have complete control in treating
infested grain. For this reason we
stud ied the effects of freq uency in
detail. Systems were developed for
measuring the dielectric properties
of both insects and grain over a wide
range of frequencies that might be
useful for controlling stored-grain insects by dielectric and microwave
heating. Seven instrument systems
were put together over several years,
and the techniques were developed
for obtaining information on dielectric properties in the frequency range
from 50 KHz to 12 GHz. This range
corresponds to wavelengths from
300 meters to 2.5 centimeters (328
yards to 1 inch).
Wheat and Rice Weevils

The materials selected for the extensive measurements were hard red
winter wheat and adult rice weevils.
Rice weevils are a common
stored-grain insect pest that can be
readily reared in the laboratory and
kept available for study. Resu Its of
many measurements and detailed
analyses showed that the rice
weevils treated in wheat would be
selectively heated best by RF treatments at frequencies in the range
between 10 and 100 MHz. The
dominant factor in this determination was the relationship between
the dielectric loss factors of the insects and of the grain, shown in Figure 1.
To check our interpretation,
which was based on theoretical relationships and the dielectric properties measurements, we conducted
an experiment in which adult rice
weevils in wheat were exposed to
39-MHz fields in an RF electronic
dielectric heater and to 2.45-GHz
fields in a microwave oven, both of
which had been modified for research work. The curves of Figure 1
show that the loss factor of rice
weevils at 39-MHz is several times
greater than the loss factor of wheat,
whereas, at 2.45 GHz the difference
in their loss-factor values is much
less. Therefore, we expected the
39-MHz treatment to be much more
effective in killing the insects than
the 2.45-GHz treatment.
Results of that experiment are

summarized in Figure 2, where insect mortalities one week after
treatment are shown as related to the
temperatures produced in the wheat
by the short exposures to RF and
microwave treatments. The grain
temperatures are an indication of the
energy absorption by the grain. The
results showed very clearly that the
39-MHz treatments were more effective than the 2.45 GHz treatments. All of the insects were killed
by 39-MHz exposures that raised the
temperature of the wheat to 40 0 C
for a few seconds, whereas wheat
temperatures of more than 80 0 C
were required for complete mortality
of insects in the 2.45-GHz treatments.
Although cost estimates for
stored-grain insect control in the
United States indicated that RF insect control would be more costly
than currently used chemical control
methods, studies in Switzerland
showed that the RF method may be
competitive with chem ical control
in that country. Therefore, based on
results of our research and some
studies of their own, Brown, Boveri
& Co., a large electrical equipment
manufacturer, conducted some field
tests at a grain elevator in cooperation with the Swiss government. Apparently, information on the eco-

nom ic aspects of the test resu Its have
not been released, but insect mortality data that they obtained compare well with our data. The treatment does not damage germination
or milling and baking qualities of
wheat. However, the question still
remains as to whether the treatment
will be economically feasible.
Additional research is needed to
learn whether the efficiency of the
RF methods can be further improved
for controlling stored-grain insects.
The research needed is a study of the
temperature and frequency dependence of the dielectric properties of
insects and grain. This research will
require the development of sophisticated equipment and methods for
obtaining the dielectric properties
information. Loss-factor relationships between insects and grain may
possibly change with their temperatures in such a way that use of different frequencies during the treatment process can provide a major
improvement in the efficiency of the
treatment. If this should be true, RF
methods could become practical for
controlling stored-grain insects.D
STUART NELSON is a Research Agricultural Engineer, Richard B. Russell Agricultural Research Center, SEA, AR, USDA, Athens, GA.
LAVERNE STETSON is Research Agricultural Engineer, SEA, AR, USDA, Lincoln, NE.
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IANR Staff Reaches Out
With 'Partners' Exchange
By Norman E. Tooker

Throughout the western hemisphere, an organization known as
Partners of the Americas draws from
the professional expertise of volunteers from 44 U. S. states and 21
Latin American nations to work together on mutual self-hel p projects.
The program involves private citizens in community development
and intercultural exchange programs
at a grass roots, people-to-people
level.
The Institute of Agriculture and
Natural Resources cooperates with
the Partners of the Americas organ ization by allowing consultants to
participate in the program. The International Programs office of the
IANR coordinates with the Partners
in scheduling present and former
staff members as advisers in exchange projects.
The Partners of the Americas is the
largest private non-profit organization which links people of the western hemisphere in projects that promote economic, social and human
development. Since its creation in
1964 as the private citizen component of the Alliance for Progress,
Partners has expanded to include 98
partner committees whose total
project value is over $70 million. Financial support for the programs
comes solely from tax deductible
contributions ; corporate, foundation
and government grants; membership
dues and gifts in kind.
Through programs of economic,
social and cultural development, a
"partnership " links a state in the
U. S. with a counterpart state, region
or country in Latin America. The
Partnership committees are made up
of private citizens in the United
States and in Latin America and incl ud e educators , businessmen,
physicians, students , housewives,
civic leaders, farmers and engineers.
Key areas of activity include education, public health, agricultural deve lopment, rural development, re-

habilitation, trade and investments,
sports, community development,
cultural exchange, emergency relief
and tourism.
Nebraska and Piaui, Brazil

One such program links the
Partners committee of private individuals in Nebraska with another in
the State of Piaui in north central
Brazil. This is a rural development
program started in 1978 with funds
provided by the Kellogg Foundation.
The program centers around the
cities of Teresina and Guadaloupe in
the. State of Piaui, and is under the
guidance of Dr. Arthur Ward of Nebraska and Mr. Dick Weichman,
former vocational
agriculture
teacher from Nebraska.
Dr. Ward and Mr. Weichman , in
cooperation with the Federal University of Piaui and the Partne rs
committee of Piaui, have trained
technicians to carry out the program
in the communities of Cacimba
Velha and Guadaloupe. The technicians work under supervisors in the
Center for Agrarian Science (or College of Agriculture) within the University of Piaui.
The Nebraska Partners committee
has arranged for consultants, including IANR staff members, to go to
Piaui to help in training technicians,
meeting with University officials in
identifying problems and needs, and
discussing alternatives to solving
some of the problems of the area.
Need Areas

Programs which have been im plemented include guidance to the
local farmers for planting, harvesting, storage and marketing of produce such as corn, rice, beans and
manioc. Assistance is given in the
preparation of vegetable gardens
and instructions in planting of tomatoes, lettuce, onions, etc., resulting in the establi shment of 42 vegetab le gardens in Cacimba Velha an d
Guadaloupe.
In the area of livestock produc -

tion, instruction has been given for
the better management and care of
sheep, goats, poultry and swine. A
special grant from the National
Partners committee has helped start
a goat ring in which 20 milkproducing goats will be introduced
into the communities. The first of the
female offspring is to be returned to
the ring for distribution to other
peasant families in the area. The
peasant farmers have been encouraged to plant grass and forages or
legumes and have been given instruction on the use of fertil izers.
In the area of education, the
number of children in school has
been increased in the past year from
less than 20 to nearly 80 enrolled in
the first levels. Discussion meetings
have been held with parents and
they have been enthusiastic about
having their children enrolled in
school. Many offered their help in
improving the school. Eighty percent
of the adults have had no schooling,
some have had three months, some
six months, a few have had a year
and the best educated person in the
community of Cacimba Vehla has
only five years of schooling.
There is a great need for the improvement of health and sanitation.
Fifty percent of the babies die before
the age of two. At the present time,
doctors from the medical college
visit the community of Cacimba
Vehla every Saturday to give shots,
dispense medicine and treat those
needing medical attention.
The technicians working on the
rural development program have instructed the people of Cacimba
Velha in the building of outdoor
toilets. There were no toilets at the
beginning of the program and at the
present time, all families in the
community have built outdoor
toilets with thatched roofs of palm
leaves.
One open well furnished water for
the entire community. This well had
no lining or no method of preventing
outside rain water from washing into
the well and was a source of contamination. One of the technicians
helped the men of the community
install a concrete lining in the well
and the plans are to cover the well
so that no outside water could run
into it.

The Partners of the Americas arranges for consultants to go to Piaui
for two week periods of time to work
with Dr. Ward and Mr. Weichman,
their technicians and the administration staff of the University. Several
IANR staff members have been involved.

IANR Involvement
Dr. Delno Knudson, IANR soils
specialist, advised the agronomists
in the Center for Agrarian Science on
the establishment of a soil testing
laboratory. Dr. Knudson indicated
that the method of farming in Piaui
consists of the slash-burn method in
which land is cleared of trees, brush
and undercover by hand and the debris is burned. It is farmed one or
two years and then allowed to go
back to trees and underbrush. At the
present time, no commerical fertilizer is used and the manure from
farm animals is not used since they
are not kept in confinement.
Dr. Howard Ottoson, dean and
director Agricultural Experiment
Station, consulted with officials at
the University of Piaui about the use
of farm credit for the peasant farmers. Dr. Ottoson stated that the farmers do not own the land on which
they live and it is difficult for them to
obtain credit. He visited with some
of the officials of banks in Teresina.
Credit was available but bank officials, in turn, did not know how to
reach the peasant farmers.
Dr. Ralph Neild, extension horticulture specialist, advised the
technicians on the production of
vegetables and fru it. Dr. Nei Id assessed the potential for fru it and vegetable production in the area and indicated that there is great potential
for tropical fruit production. He discussed with the technicians the
methods of producing various kinds
of vegetables with the hand-labor
conditions which exist in the area.
Dr. David Keith, IANR 'entomologist, worked with the technicians on the control of insects in
crop production, in the home and on
livestock.
Jack Steele, former UNL irrigation
specialist, worked with engineers at
the Center for Agrarian Science on
the potential for irrigation in the
Piaui area. Apparently there is an

abundance of underground water
and Mr. Steele assessed the possibility for the development of irrigation
in the area.
Dr. Norman Tooker, assistant director of International Programs,
worked with Mr. Carlos Daniel, rector for Extension at the University
and discussed the involvement of
local people in planning Extension
programs. He met with the man in
charge of the federal extension program (EMBRATER). More than 500
Extension workers are employed in
EMBRATER in the State of Piaui,
however, their program is rather
limited and their people need training in methods and demonstration
techniques. The EMBRATER programs are not related to the University Extension programs.
Dr. Marvin Twiehaus, Professor of
Veterinary Science Emeritus at
IANR, worked with the Center for
Agrarian Science and veterinarians
in the State of Piaui. Dr. Twiehaus
indicated that the veterinarians had
not had an opportunity for adequate
training. Their understanding of
animal health and sanitation, was
quite limited and the need for improved training was evident.
Willard Waldo, Dewitt, Nebraska
farmer, worked with the staff and
farmers on livestock production.
Wayne Collings, UNL librarian
and Russell Moomaw, District Extension agronomist at the Northeast
Station, recently returned from
Brazil. Mr. Collings worked with the
officials of the University of Piaui library, and Mr. Moomaw worked
with RDP technicians and Un iversity
agronomists on crop production
problems.
All consultants write recommendations which are reviewed by Dr.
Ward and officials at the University
of Piaui.

Progress Slow
Progress in the rural development
program is slow but it is beginning to
have an affect on the people. A survey conducted by Dr. Ward and Mr.
Weichman, was received initially
with some reluctance by the people
of the area. When the results of the
survey were reviewed with the
people of the community, they
(Continued on next page)
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began to show enthusia sm for solving the problem s in the community
on thier own. The sa me survey was
reviewed by University of Pi aui officials who were not aware of some of
the problems which had been identified . They received the information
with enthusiasm. Resid ents of other
nearby communities are now coming to Cacimba Vehla to inquire
about the possibility of involving
their communities in such a rural
development program.
The potential for improving the
way of Iife, the agric u Iture production and the improvement in the use
of unused rural labor is enormous.
Problems of health, sanitation, lack
of education and lack of finance,
will have to be solved before other
important but less pressing problems
can be solved. Dr. Ward and Mr.
Weichman are attempting to teach
the process of rural education , a
process of involving local people in
the solving of their own problems
and the involvement of the University in coope ration with rural communities in solving problems of the
State of Piaui. The Partners of the
Americas program and the assistance of organ izations such as the
Kellogg Foundation and other private fu nd ing agencies and organ izations is beginning to have an impact
on areas like the State of Piaui in
Brazil.
The Partners of the Americas programs are people working together.
Each people-to-people partnership
chooses its own projects and operates independently to complete
those projects . It is a nonbureaucratic approach which results
in thousands of small projects, each
providing people with what they real ly need to help themselves. The
Partners approach has great potential for building good relationships
between the United States and our
Latin American neighbors.D

NORMAN E. TOOKER is assistant d irector of Internation a l Programs for the In st itute of Agri c ulture and Natural Reso urces.
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As the first step in installing a concrete well casing, one of the area workmen was lowered into
the well to remove sticks and debris. The well was completely open, with nothing to prevent
contamination from outside surface drainage.

The Rural Development Program technicians assist with record keeping when doctors dispense
medicine and give shots to children each Saturday.

Rural homes are constructed of pole and stick frames covered with mud and roofs of thatched
palm leaves.

Climatology Center Prepares For the Future
By Norman

J. Rosenberg

Drought in Africa south of the
Sa hara in the early seventies ,
dro ught in North America in
1976-77, the "great grain robbery"
t ha t depleted U.S. grain reserves and
the dangerously low world food rese rves in the early 1970' s, predicti o ns of a cooler global climatepe rhaps even a I ittle ice age, predictio ns of a warmer climate because
ou r fos sil fuels consumption is
ca us ing an increa se of carbon
di ox id e in the earth' s atmosphere.
Some of these events and trends
may seem remote to Nebraskans but
the se and other climatic impacts
ma y profoundly affect agriculture
and society here, if they have not
already done so.
As a result of the increase in conce rn about the impacts of climate on
ma n, we see new integrated scientific efforts beginning throughout the
world. International cooperation in
t he study of climate is being
,tre ngthened through new programs
n the World Meteorologi cal Or~ an iza tion , an agency of the United
'la tions.

In September, 1978 the Congress
of the United States enacted Th e
National Climate Program Act. This
Act provides for the creation of a
National Climate Program Office
whose main responsibility is to increase and improve our national
capability for research aimed at understanding climate processes, improving long range climate forecasti ng, understand i ng the impacts
of climatic events on and providing
climatic information services and
advice to agriculture, industry, and
the public in general.
Agriculture is probably Nebra ska ' s most weather- sensitive business.
Recognizing this, the Board of Regents of the University of Nebraska,
in February, 1979, created a new
unit-the Center for Agricultural
Meteorology and Climatology
(CAMaC)-within the Institute of
Agriculture and Natural Resources
(IANR). Weather and climate greatly
affect not only our agriculture but
also our need for energy-to heat
the house and to pump the irrigation
water. They also directly affect the
need for and availability of ground

and surface water supplies. Thus the
location of CAMaC in IANR is a fitting choice.
Early Involvement

The University of Nebraska's Institute of Agriculture and Natural Resources has been involved in research and service work on climatic
problems for some time. In the early
1960's our program in Agricultural
Climatology began when the Nebraska Agricultural Experiment Station hired its first Agricultural
Meteoro Iogi st.
Four faculty scientists (B. L. Blad,
S. B. Verma, A. Weiss and N . J.
Rosenberg) with supporting staff and
graduate students were assigned ,
u nti I creation of CAMaC, to the Agricultural Meteorology Section of the
Department of Agricultural Engineering.
These scientists have been engaged, primarily, in field research to
understand the microclimate in
which crops grow. Two major field
research laboratories have been developed for this work-at the Uni(Continued on next page)
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versity of Nebraska Field Laboratory
near Mead and at the Panhandle
Station in Scottsbluff.
Climate related research has also
been underway in other units of the
Institute. Professor Ralph Neild, in
the Department of Horticulture, has
been involved in developing climate
probabi Iity statistics and in applyi ng
this information to farm management decisions.
In 1973 , the National Weather
Service State CI imatology Program
was terminated. This program was
responsible for maintaining records
from the 300-plus volunteer weather
observers distributed throughout the
State and for providing information
on Nebraska's climate to public and
private users. Since termination of
the Nebraska State Climatology Office the program has been maintained by a reduced staff (Esther
Culwell with the help of R. E. Myers,
former State Climatologist acting in a
voluntary capacity). The office has
operated under supervision of the
Conservation and Survey Division of
IANR.
Thus it was a logical step to combine the three organizations described above into a single unit to
better coordinate all weather and
climate related work already underway within the Institute of Agriculture and Natural Resources. The
serious need for greater activity in
this area has prompted other Institute units to assign additional faculty
members to work with CAMaC. Dr.
Donald Wilhite of the Water Resources Center, Dr. John Norman of
the Department of Agronomy, and
Dr. LeRoy Hahn of the USDA's Meat
Animal Research Center have also
become affiliated with CAMaC by
joint or courtesy appointment.

Student David Neilson checks an instrument which measures the temperature, humidity and
light conditions inside the canopy of the crop.

Program Development

The program of the new Center is
being developed through a series of
internal planning sessions and conferences with Experiment Station,
Cooperative Extension , and other
University personnel. Interested
State agencies, farmers, and others
are being consulted. Our first steps
involve continuatio n, but closer
coo rdination , of ongoing research
projects.
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Dennis Baldocchi checks the flow meter on an air-mixing tank for a soil, root and crop respiration study.

We believe it possible to maintain
or even increase crop production
while using less water by changing
the plant's environment or by
changi ng the actual form of the pi ant
itself. Windbreaks, irrigation, and
alterations in planting patterns have
already proven effective techniques
that can be used for this purpose. In
the near future we will begin to conduct studies of the influence of plant
morphological factors such as
pubescence, leaf shape, and leaf
distribution on plant water use and
production.
When plants begin to run out of
water, their temperature rises since
evaporative cooling of the leaves
decreases greatly. We will continue
research now underway on means of
remotely sensing plant temperatures
to determine when crops are suffering from water shortages. We have
been conducting studies to see
whether it is practical to observe
plant temperature with instruments
called thermal-radiometers carried
on ai rcraft or sate I I ites.
Air is always in motion. Research
is underway aimed at understanding
the nature of turbulence near the
ground. These studies require very
complex instrumentation and computer analysis of the resu Iting measurement. Results may lead to improved methods of aerial and
ground-borne spray and dust applications, and reductions in evaporative losses of sprinkler applied irrigations.
The concentration of the gas carbon dioxide (C02) is increasing in
the atmosphere as a resu It of the
burning of fossil fuels (petroleum,
gas, coal). Since plants use C02 in
photosynthesis it is expected that the
rates of photosynthesis in most
species will increase as the concentration continues to rise. We are engaged in a program to monitor the
concentration and also to observe
the rates of capture and respiratory
releases by the vegetation growing
in this region. In this way we are
contributing to understanding of the
global carbon balance, helping to
predict the ultimate impacts of the
carbon dioxide increase, and gaining additional knowledge of the
photosynthetic and yield potential of
the crops we grow.

Research will also continue and
be intensified on ways to predict and
monitor soil moisture status
throughout the state from a knowledge of the rainfall and evaporation
occurring at a few typical sites.

Questions to Answer
We also intend to continue and
intensify our computation of climatic probability statistics which bear
on and can be applied to the solution of agricultural problems. For
example: the probability that the first
fall frost in Oshkosh will occur by
September 1; the probability of receiving one inch of rain during the
week of May 10 at North Platte and
similar statistics have already been
calculated. But there are a considerable number of other useful statistics
that can be drawn from the nearly
100 years of climatic records already
accumulated within the state to
answer questions like these:
-What maturity class of corn hybrid can be used at a new center
pivot operation in the Sandhills and
how late can the corn be safely
planted?
-How favorable are soil moisture
conditions likely to be by planting
time? Should dryland corn be
planted at normal rates and be fertilized? Should seeding be reduced if
the likelihood of dry weather is great

•

or is the best strategy to plant the
field to milo?
-How early and how late may
home garden vegetables be planted
at different locations in the state?
-Knowing the temperatures to
date, how may I estimate my winter
fuel bi II if the remainder of the season proves to be normal?
-When is my corn crop likely to
mature and how likely are favorable
conditions for natural grain drying?

New Research Areas
New areas of research activity are
also contemplated. Instruments carried aloft on balloons at a few critical locations can be used to provide
information on the heat and water
vapor carried into and out of the
state. Such data can be used to
maintain surveillance on the general
hydrologic balance in Nebraska and
be used to help in water resource
planning.
The advent of the computer age
now permits us to analyze extremely
complicated interactions between
the environment and organisms affected by the weather. Models to
predict plant growth processes, the
spread of disease or insect pests, the
exchange of energy between animals and their environment, and
others are being developed. These
(Continued on next page)

Climatologist Ralph Neild uses statistical
methods to forecast crop yields for the center.
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models require reliable climatic data
if the resu Its are to be meaningful.
We also intend to begin re search
on the impacts of climate and possible impacts of climatic change on
the various sectors of society. We
have one such study already underway. That study deals with the impact of drought on the agriculture,
the economy, and the political and
social aspects of life in the Great
Plains region . We also have need to
know considerably more about how
climatic fluctuations may affect the
need for supplies of energy.
New studies will also be undertaken on the impacts of weather and
climate on animal production on the
open range, in feedlots, and in confined housing. We have begun an
analysis of the specific needs of the
animal production industry for
climatic information. Dr. Robert
Balling, Asst. Prof. of Geography, is
working with us as a su mmer faculty
research fellow on this analysis.
Currently available climatic information and advisory services to
agricultural industry, business, and
c itizens of the state have been
necessarily modest. Climatic data
collected throughout the state are
archived in Lincoln . Monthly summaries of temperature and precipitation for a number of selected stations are produced and disseminated
quickly. Additional information is
gathered daily from the National
Weather Service for a limited
number of stations in Nebraska and
nearby states. These data are used
for daily predictions of soil temperature, antecedent soil moisture
status, rate of growth of major crops
during the growing season, stage of
development, and anticipated harvest dates.
Creation of the Center should enable an increased effort to collect,
analyze, and disseminate climatic
data rapidly to those who need the
information . We hope to be able, in
the near future, to develop automated weather stations for placement at a number of locations
throughout the state. The weather
observing stations will deliver their
data via telephone lines to a central
processing comp uter in Lincoln. The
data will be checked and made
12

available for immediate use. For
example, the AGNET system uses
weather and climate inform at ion in
a number of programs-irrigatioll
scheduling, crop drying, and others.
The data will also be archived for
later climatological re searc h.

Compo

Teaching Mission
Two of the traditional functions of
the Land Grant College, research
and service, have been described
above. The creation of the Center
will also lead to coordination of
teaching efforts in agricultural and
bio-meteorology and climatology.
The Center will continue and expand its involvement in training
graduate students to the Masters and
Ph.D. levels. There is a healthy demand for highly trained specialists in
this field . Federal agencies including
USDA, NASA, and NOAA and many
state agencies and universities need
people who understand the way the
atmosphere works and the impacts
of weather and climate on agriculture, energy, and water resources. A
number of industries have begun to
hire agricu Itural meteorologists to
help them in long term production
planning and in stabilizing supplies
of raw materials.
Thus, the Center begins its mission
with a good deal of accumulated
experience and a great many challenges ahead.D

The author observes a mound of compost,
noting practically no odor.

NORMAN J. ROSENBERG is director, Center for
Agricultural Meteorology and Climatology.

Long windrows of compost being turned and
dried during the composting process.

This 65-foot tower is used to measure temperature, wind speed and direction and carbon dioxide concentration.

Called the "Scarab", this machine ae r
and grinds the windrowed manure e
three to six days.

-

Solution For Feedlot Wastes
By Philip H. Grabouski
Composting waste materials to be
used for fertilizing crops has been
practiced in many countries for
centuries. Composting beef cattle
feedlot waste became popular in the
Platte Valley of Nebraska in the early
seventies. Cattle feeders were looking for additional income as the cattle business was in the financial doldrums. There were early claims that
1 ton (907 kg) of composted cattle
manure per acre would improve
crop production. However, documentation to substantiate these
claims was lacking.
Composting is the biological decomposition of organic wastes that
have been pi led together. It gr, jtly
reduces the volume and moisture
content of the organic waste material.
Feedlot manure may also be composted. Feedlot pens are cleaned
and the waste material is placed in
long rows where it is periodically
turned with a special integral auger
mixer type tractor which grinds and
aerates the windrowed manure
every three to six days. Natural
populations of organisms necessary
for the decomposition process are
large enough in manure for effective
composting. During the mixing process, specific types of organisms
may be added to enhance the decomposition process. Their role is
not entirely understood and the benefits of these cultures has not been
fu II y establ i shed.
During the composting process,
beef cattle manure changes to a
product which can be uniformly
applied by readily available
spreader trucks. Generally from 6 to
10 weeks of systematic turning and
aerating are required to complete
the compost procedure. However,
weather conditions determine the
exact time needed. Composted
waste is much lower in moisture
content than the feedlot manure because heat, 140-160° F (61.1-71.1°
C), is generated during the composting process and accelerates the

evaporation of water. This water
greatly reduces the bulk of the material and therefore nutrients are
concentrated in the waste. The
moisture content of feedlot manure
varies considerably, depending on
climatic conditions and time of
composting. The moisture content is
reduced during the composting process to 18-25%. Composting is also
very effective in eliminating the distinct odor of the manure placed in
the rows for aeration.

Culturing Process
The compost used in the North
Platte experiments was treated with
a special culture containing specific bacteria and fungi. One of the
reported claims was that the organisms would obtain nitrogen from
the air and convert it into a source
usable to plants. The action was to
occur during the composting process and also after the compost was
worked into the soil.

Chemical Analysis of Compost
The chemical analysis of composted beef manure varies considerably among feedlots. Factors affecting the nutrient value of composted
manure are (1) The amount and kind
of soil present in the dried manure
compost, (2) The amount and type of
bedding (where used), (3) The kind
of feed fed (high or low concentrate),
(4) The amount of mineral supplements fed (generally less than 1% in
a feedlot ration), and (5) The amount
of leaching that occurs during the
composting process.
The beef cattle compost used in
our experiment contained 25%
moisture. Table 1 shows the nutrient
analysis of beef cattle compost used
in this study. The value of nutrients
in beef cattle compost is given in
Table 2 based upon the analysis of
oven-dry material. Moisture content
of the compost at field application
wou Id affect the concentration of
nutrients and hence the dollar value
per unit weight of material. If the
material contains 25% moisture then

the dollar value per ton would be
reduced by 25%.
The potential value of essential
plant nutrients is given in Table 2.
Remember, these potential values
will only be realized if they are
needed by the crops to be grown.
Nebraska agronomists have not obtained significant responses to magnesium or manganese in research
plots, therefore their values are
meaningless to crop production. The
best way to determine whether such
nutrient requirements exist is
through a rei iable soi I test and subsequent nutrient requirement assessments based on yield projections.

Other Potential Benefits
In addition to the plant food furnished by compost there may be
other benefits. When compost is
used in large amounts, 10-20 tons
per acre (22.4-44.8 metric tons per
hectare), there could be an increase
in water holding capacity by improving soil tilth. Measuring the effects of 1 ton or 2000 pounds (1
metric ton-2204.6 pounds) of compost in the 2,000,000 pounds (907
mt) of top soil (6 inch layer) (15.2
cm) is difficult. Probably large
amounts of compost would need to
be applied per acre for several years
to appreciably change soil structure
and water intake.

Field History and
Cropping Practices
The experimental site for 1975
was selected in a field where no nitrogen fertilizer had been applied for
three years before the study. Resu Its
of a soil sample analysis indicated a
low residual nitrate nitrogen level of
25 Ib per acre (11.3 kg/hal to a six
foot depth. Thus, the site was ideal
for studying low rates of compost
and low rates of nitrogen on irrigated
corn.
Manure has a residual nitrate effect. The old rule of thumb is that
manure contains 10 Ib (4.54 kg) N, 5
(Continued on next page)
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Ib (2.27 kg) P20S, and 10 Ib (4.54 kg)
K20 on a wet basis per ton. The rule
assumes half of the nitrogen is available the first year, one fourth of the
original amount the next year and
one eighth the third year after application. Most of the nitrogen in manure is present as ammonium and
organic forms. Nitrogen in the organic form must be converted to
ammonium and nitrate forms before
plants can use it.
Previous research indicates that
20 to 50% of the organic N in manure may be converted to ammon i um and n itrate-n itrogen the
year manure is applied. Since composted manure is partially decomposed it was not known what percentage of the nitrogen would be
available to plants during the first,
second, and third year after application.
Table 3 lists the rates of compost
and nitrogen treatments applied to
irrigated corn in this study. The
check yield of 90 bu/A (5.6 mtlha)
indicates that nitrogen levels were
low on this site. The excellent yield
of 195 bu/A (12.2 mtlha) for 160 Ib
(73 kg) nitrogen substantiates this
along with suggesting good crop
management.

somewhat larger than the year of
application. The 1976 yield data indicated about 8 bushels per acre
(203 kg/ha) response for each ton of
compost applied. These results indicate a delayed release of nitrogen in
the compost.
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The third year's data, again
measuring the residual effect of the
1975 applications, did not show a
significant difference among treatments. There was a trend indicating
about 3 bushel (76 kg) increase for
each ton (907 kg) of compost
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Yields
The data show that in most instances increasing compost or nitrogen rates improved yields. The 5 ton
(4.5 mt) compost treatment produced a 126 bu/A (7.9 mtlha)
yield-36 bushels (914 kg) above
the check of 90 bu/A (5.6 mtlha).
These figures suggest a 7 bushel (178
kg) response for each ton of compost
applied. The yield from the 5 ton
(4.5 mt) compost treatment was similar to the 40 Ib (18 kg) nitrogen
treatment. The 40 Ib (18 kg) nitrogen
would have cost about $6.00. The 5
ton of compost treatment wou Id
have cost $125. Therefore, it was
considerably cheaper to use nitrate
nitrogen for crop food.
Carryover effects were measured
in 1976, the second year after application of the compost and nitrogen.
Table 3 reports yields for each
treatment. The yield spread between
the 5 ton (4.5 mt) of compost and the
40 pound (18 kg) of nitrogen was
14
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Figure 1. Corn yield responses.
Table 1. Nutrient composition of oven-dry beef cattle feedlot compost tested in the North
Platte Station studies.
Nutrient

Nitrogen
Phosphorus
Potassium
Sulfur
Calcium

'7c

Nutrient

1.45
.70
2.65
.50
.63

~pm

172.5
184.0
23.0

Zinc
Manganese
Copper

Table 2. Nutrient values per ton (907 kg) of oven-dry compost based on average commercial
fertilizer prices in central Nebraska.
Nutrient

Ib/ton

Nitrogen (organic)
Phosphate
Phosphate
Sulfur
Magnesium
Manganese
Zinc

29.0
32.0
63.6
10.0
38.0
36.8
.35

Price
Ib

$0.16
0.18
0.09
0.20
0.35
0.80
1.00

potential nutrient value of a ton
(907 kg of com~ost)·

$4.64
5.76
5.72
2.00
13.00
28.44
.35

'Values are listed as "potentIal values" since they will only be realized if the nutrients are needed by thecrops to be grown.

applied above the check treatment.
Figure 1 shows corn yield responses
for the various rates of compost for
the three year study.
The 5 ton (4.5 mt) compost treatment yielded 96 bu/A (6.03 mtlha)
which was somewhat higher than
the 88 bushel (2234 kg) for the 40
pou nd (18 kg) nitrogen treatment.
Some residual effect was still evident
since the check plot had the lowest
yield of 72 bu/A (4.5 mtlha).
Another study was started in 1976
similar to the first experiment. No
measurable yield differences were
obtained due to the high residual nitrate N present in the soi I profi Ie at
the time of the initiation of the experiment. Similar results have been
observed in many irrigated corn
fields with respect to residual nitrogen carryover. If only one ton (907
kg) of compost was applied, the high
residual nitrate content present
would still support reasonably good
corn yields.
Crop Management When Using
Compost
Farmer's individual fields vary in
initial nitrate levels due to past cropping practices. Soil samples from 0
to 36" (90 cm) depth for those fields
which are to be spread with compost
should be taken before corn planting
for residual nitrate-N analysis. Most

compost sales people are now
suggesting the addition of some nitrogen to compost treated fields.
Deep soil sampling for residual nitrate nitrogen analysis will aid in
making the right decisions as to the
amou nt of nitrogen needed to complement the compost. The North
Platte data showed that for this particular research site more than 5 tons
(4535 kg) compost were needed for
optimum corn yields.

from composting. Cattle performance will improve if they have
clean pens; this ultimately low.ers fly
populations as well as odors. The
logistics of handling the wet manure
from feedlot to field is time consuming and often requires hauling
the wet heavy manure during the
couple of spring months before land
preparation of the coming crop. The
composted product may be stock
piled and spread when fields are dry
enough for working.
As energy costs increase so will
fertilizer costs, thus the use of animal
wastes, sewage sludge, and other
organic wastes will become more
economical to the crop producers
whose land may need nutrients present in compost. Each individual
crop producer has certain crop production problems, therefore, he may
be willing to place a value on merits
of compost other than crop yield response. If the cost of composting and
transport of the product would be
the responsibility of those who
create the product, the cost per ton
would be less to the crop producers
and thus the use of composted material may be economically feasible.D

Economic and Ecological
Conditions
High rates of compost are not
economical at present costs of $25
per ton (970 kg) when based on its
value as fertilizer. The North Platte
data showed that 40 pounds
(18.2kg) of nitrogen at a cost of approximately $6.00 gave the same
yield increase as 5 tons of compost.
As indicated earlier nutrients in manure or compost only have a dollar
value when soil tests show they are
needed.
The idea of composting feedlot
manure has considerable merit and
will reduce fly and odor problems in
the vicinity of large feedlots. The old
method of mou nd i ng manure
wasted the valuable plant nutrients
and organic matter by volatilization
and leaching.
There are many other benefits

PHILIP H. GRABOUSKI is District Extension specialist, Agronomy, North Platte Station.

Table 3. Corn yields from compost study plots UNL-North Platte Station. All values corrected to 15.5% moisture basis.
Yield (mtlha)

Yield (bu/A)
1975

1976

1977

Total

1975

1976

1977

Total

Check

90

30

72

192

5.6

1.88

4.5

12.0

112 ton

94

38

82

214

5.9

2.38

5.15

13.4

Hon

95

30

85

210

6.0

1.88

5.3

13.2

2 ton

103

41

88

232

6.5

2.57

5.5

14.6

3 ton

100

49

83

232

6.3

3.08

5.2

14.6

4 ton

111

57

92

260

7.0

3.58

5.77

16.4

5 ton

126

72

96

294

7.9

4.52

6.0

18.4

20# N

114

58

93

265

7.2

3.64

5.8

16.6

40# N

133

86

89

308

8.2

5.40

5.59

19.2
24.2

Treatment

80# N

181

118

86

385

11.4

7.41

5.4

120# N

181

130

80

391

11.4

8.16

5.0

24.6

12.2

8.16

5.59

26.0

12.1

7.60

6.15

25.9

160# N
200# N

195
192

130
121

89
98

414
411
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tists to obtain live bacteria from the
rumen . After 48 hours of simulated
rumen conditions in which bacteria
were digesting the hay, the samples
were dried carefully. The partially
digested hay was then coated with a
thin layer of gold palladium. This
coating makes it possible to see the
bacteria and the effects of their digestion with the electron m icroscope.
Microbial attachment to brome
leaf material was observed at a magnification of 11,500 times as shown
in Figure 3. Note the extensive network of fi bers prod uced by the

Electron Microscope

An 'Eye' On Cattle Digestion
By Mark A. Rasmussen
and Stanley D. Farlin
Drive through the Sandhills of
Western Nebraska or nearly anywhere in the state and it is obvious
that cattle and forages are meant for
each other. Cattle are the principal
users of forage produced from more
than 25 million acres of land in Nebraska.
But have you ever wondered how
grass or a bale of hay is converted to
meat and milk? Conversion of forages to beef begins in a microscopic
scale. The ability of cattle and other
ruminants to utilize forages depends
on a symbiotic relationship with
bacteria, which grow in the rumen.
Cattle themselves cannot digest
plant fibers. Instead the cattle provide a fermentation vat-the rumen-which enables the bacteria
to live and digest plant fibers. The
bacteria , as they use forages for
growth, form by-products which are
then utilized by the animal for energy. The bacteria, as they die and
pass down the digestive tract of cattle, are themselves uti Iized as pro16

tein by cattle. This cooperation
(symbiosis) between bacteria and
cattle allows millions of acres of forage to be converted into food (meat
and milk) for people.

learning From Microbes
Learning more about how microbes digest fiber may help scientists
devise ways to make bacteria digest
forages more completely. The end
result would be more beef and milk
produced from the forage fed to cattle.
The digestion of bromegrass hay
by rumen bacteria was observed
with the use of a scanning electron
microscope (SEM). This instrument,
shown in Figure 1, permits observation of bacteria from the rumen by
magnifying objects up to 100,000
times their normal size.
Samples of brome hay were incubated in laboratory test tubes containing a living culture of bacteria
obtained from the rumen of a steer
through a fistula (Figure 2). The fistula is a surgically prepared opening
into the rumen which allows scien-

Figure 1. Mark Rasmussen, graduate assistant, operating the scanning electron microscope.

Figure 2. Rumen fistulated steer.

microbes for attachment to the leaf
surface.
A cross section of a leaf magnified
5,850 times as shown in Figure 4
was observed. The large circular
object in the left of the photograph is
a lignified xylem vessel which serves
as a pipeline for water transport in a
living plant leaf. This vessel had
fewer bacteria attached to it and
showed less digestion as compared
to the surrounding plant tissue. This
observation is not too surprising
since lignified plant tissues are considered indigestible by rumen microbes.

Role of Attachment
Additional experiments were
conducted to determine the role that
microbial attachment plays in forage
digestion. Attachment was deliberately inhibited with methyl cellulose
to see if digestion was affected. The
methyl cellulose decreased digestion of the brome hay sample from
36 percent to 12 percent, presumably by preventing attachment. Figures 5 and 6, taken with the scanning
electron microscope, show a comparison of two stomates (small gas
exchange pores which allow plants
to "breathe"). Stomates treated with
methyl cellulose (Figure 5) have very
few microbes attached and digestion
of the leaf tissue is minor. The untreated stomate (Figure 6), however,
has a large number of bacteria attached and digestion appears extensive. From this it was concluded that
digestion of plant fibers and microbial attachment are closely related.
At this point we can only speculate
on how this attachment helps to increase forage digestibi Iity. Preferential location near the forage may enhance the microbes ability to digest
the fiber. If decreased attachment
reduces microbial digestion then increased attachment may improve
forage digestion.
Further research may help provide
knowledge needed to enhance forage digestion, possibly through increased microbial attachment to
plant fibers. Any success in improving forage utilization will be of great
value to Nebraska's agriculture.D
MARK RASMUSSEN

tant; STANLEY
beef nutrition.

is graduate research assisis associate professor,

FARLIN

Figure 3. Close-up bacterial attachment to
brome leaf magnified 11,500 times.

Figure 4. A cross-section of a brome leaf
with a large xylem vessel magnified 5,850
times.

Figure 5. Very few bacteria on the methyl
cellulose treated brome leaf stomate magnified 2,200 times.

Figure 6. Many bacteria on the untreated
brome leaf stomate after digestion, magnified 2,780 times.
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Fascinating~
By John Defrain and
Patricia Welker

Alyssa is one and a half years old.
She is 33 inches tall and weighs 21
pounds. Today she did 4,650 things.
Truth! Four thousand, six hundred
and fifty things-all in one short
day, because she was only awake 12
of the 24 hours.
In terms of sheer energy, how a
tiny creature who barely reaches her
mother's waist could do 4,650
things in one day will forever remain
a mystery to the authors. If there is
allY thing even nearly approximating
a perpetual motion machine, it
could not hold a candle to Alyssa.
She kept her tremendous pace with
only a small quantity of fuel-Life
cereal, Spaghettios, hamburger, and
2% milk were staples-while recharging her batteries only once
with a 58-minute nap.
We'll never know where she gets
her energy; as researchers in child
development and family relationships we set out to at least find out
how much energy, how much activity in this little one's busy life. We're
proud to announce that hard work
and the scientific method have paid

off.
We now know in a precise manner what parents have known in
their hearts, souls, and tired blood
from time immemorial: toddlers are
fasci nating, frustrati ng, exhausting,
and totally unsinkable.
They are literally bursting with
energy, as they whirl from activity to
activity as if there were no tomorrow. Without the care and guidance
of a usually patient, always challenged caretaker, the child would go
until he or she dropped from total
exhaustion. Alyssa screamed almost
every time someone tried to slow her
down for a nap, change of diapers,
or bedtime in the evening. Without
rest, however, she would undoubtedly fall into a hysterical delirium, as
evidenced a few weeks earlier when
she was so wound up after a fam ily
wedding and all its attendant excitement and long waking hours that
18
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Exhausting and Unsinkable

she cried (and sometimes screamed)
from midnight to 3 a.m.
To scientifically study a typical
day in the life of Alyssa, we developed an elaborate coding system.
Everything Alyssa did in her 12
waking hours was recorded literally
second-by-second. Every belch,
burp, scream, smile. Every laugh,
step, fall, word; every action,
second-by-second, all day long.
Well, almost everything, that is.
Mrs. Patricia Wei ker, a graduate student in human development and
family relationships, recorded the
day, pen in one hand and stop watch
in another. But Mrs. Welker found
that Alyssa was often doing two or
three things at once, making it impossible to write it all down in our
code form. Our total of 4,650 individual behavioral acts, then, is undoubtedly a conservative estimate!
For all we can tell, Alyssa may have
done 6,000 things.
No matter. The point is made well
enough. We haven't done a similar
study of a typical day in the life of a
typical adult; but some days the authors feel so lethargic that hal f a
dozen acts seem overwhelming.
And seriously, in our work with
parents we have yet to find a person
who says he or she can keep up with
a toddler. This realization is less a
reflection of an adult's poor physical
fitness than a tribute to the toddler's
unbridled lust for life and action.
In fact, while doing the research
we had the good fortune to talk to a
grandmother who remembered a
contest during The Great Depression
that gave her a warm chuckle. It
seems that one of America's finest
athletes was pitted with a two-yearold in a contest of strength and endurance. The athlete, a football hero
as the grandmother recalled, was instructed to imitate the actions of a
normal two-year-old for a whole
day; to ape every step, every fall,
every physical triumph. The renowned athlete, as the story goes,
collapsed in ignominious defeat
after three or four hours.
We weren't able to track down

exact accounts of this Olympian
battle of strength, but there is no
doubt in our minds of its truth. And,
we are prepared to wager untold but
large sums of money on our
champion, Alyssa, against any and
all challengers. O. J. Simpson, eat
your heart out.
Fathers who often don't get the
opportunity to care for young children day after day should welcome
the opportun ity to pit their strength
against the diminutive giant they
usually I"eave in the care of mom. No
wonder mothers are tired all the
time.
In Alyssa's typical day, she spread
her 4,650 actions into 221 different
behavioral categories. It doesn't take
a trained observer to know that a lot
is going on in Alyssa's life-a great
amount of learning in the areas of
intellectual, social, emotional,
moral, and physical development.
She is obviously very observant of
the world around her, as watching
and looking is her most frequent activity (643 times); listening also is
important (173 times).
Alyssa, in a more primitive stage
of intellectual development than
adults, must touch and manipulate
objects to learn about them. She
uses her hands in her experiments
(96 times today), while adults can
more often figure out things with
their heads. If a parent is not carefully observing what a child is doing,
we often lose sight of the learning
that is taking place and lose our
tempers instead. "What a mess!"
father thought to himself sadly today
as Alyssa proud Iy demonstrated the
results of her experiment with Magic
Marker on white bedroom walls,
bedroom doors, dresser drawers,
gold hallway walls, etc., etc., etc.
And no doubt about it. It was a
tremendous mess. Indelible at that.
But certainly not "bad" behavior for
Alyssa. Just normal from her point of
view. She'll soon learn where to do
her art work and where not to; but it
would be very foolish to punish her.
Rather, her father showed her to use
paper instead of bedspreads. And,

just in case she hadn't picked up the
learning objectives as planned, Dad
hid the Magic Markers even better
than they had supposedly been hidden before.
Alyssa communicates her desires
and feelings very successfully. Her
vocabulary is limited to 22 different
distinguishable words (Daddy,
Mama, Amie, no, mine, baby, byebye, fishies, way-way, oh, ball,
night-night, see, yuck, hot, ouch ie,
shhh, all gone, Betsy, cookie, up,
two). With these and an impressive
armament of grunts, squeals,
screams, clucks, and gesticulations
she gets a very reasonable percentage of what she wants out of the
world-and far more than she
needs, according to her permissive
parents.
She is remarkably good-natured as
long as her basic needs are taken
care of. Though she cried 62 times,
fussed 25 times, and screamed 17
times during the day, her anger and
hurt emotions are usually shortlived. Her 34 laughs and giggles
make one forget the other noises
quickly. Her smile (35 times) easily
smoothes over the hassles.
Alyssa would take time out from
her travels around the home to
interract with Mother, Dad, or her
big sister. For example, Alyssa
traded hugs and kisses with Mom
and Dad 18 times during the day,
and reserved five more hugs for
Grandmother in an hour-long afternoon visit. She interracted in some
way with her sister Amie, age 8, 69
times during the four waking hours
Amie was home from third grade.
Authorities are quick to note the
essential egocentricity of young
children, but it is also important to
note the place cooperative behavior
plays in Alyssa's life. Someone gave
her something 48 times during the
day, and she gave something to
someone 46 times.
And, of course, sheer physical
exuberance cannot be forgotten.
Although she is by definition a toddler, Alyssa is remarkably adept on
(Continued on next page)
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her feet-given the amazing physical stunts she tries so often. Alyssa
fell down only nine times during the
day. Not bad, given 299 incidences
of walking; 5 separate climbs to dizzying heights averaging 11 inches;
43 times getting into a standing position; 23 scrambles onto the couch;
6 trips up the 13 stairs to the upstairs
bedroom; 41 bursts of running; 3
bounces; 16 dances; and 3 jumps.
Not bad at all.
At the end of her act ion-p acked
day, Alyssa gets a long, supposedly
soothing bubble bath. Then her
mother reads her a story. Teeth are
brushed. In her room , Alyssa and
Mom say night-night to all the toys:
Minnie Mouse, Woodstock the
singing bird that dangles from the
ceiling, half a dozen dolls, a favorite
blanket, and many other items that
make the room look I ike a well-

furn ished department store toy department. ("All garage sa le barga in s," Mom insists.) Alyssa lau ghs
again at Woodstock , says "nig htnight" to Mom.
Mom says, " Good night, Alyssa ,
baby ," as she turns off the li ght.
Mother and researcher are not qu ite
four feet to the head of the stairs before Alyssa is crying. It is not time for
bed, she protests.
" Yes, it is, " they both agree, silently to themselves, as they hurry
down the steps toward a womb of
quiet and sti llness in the living room .
A typical day is over; tomorrow will
be typical also.D

JOHN DEFRAIN is associate professor, Human
Development and the Family. PATRICIA
WELKER is a former graduate student in
Human Development.

Alyssa DeFrain enjoys a meal of cereal, fruit and milk.
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Research Digest---.....
Propagation Techniques
The nurse ry indu stry thrive s on introduction of new woody plant
materials. Both grower and homeowner benefit from spec ie s evaluatio n aimed at identifying those hardy plant s which are comparatively
easy to grow and maintain.
A hatc h approved study was initiated in May 1979 to develop
com mercia l plant propagation techniqu es for adapted woody plant
spec ies for Nebraska . William A. Gustafson, Jr. , assistant professor of
horticulture with the Southeast Extension and Research Center on the
IANR camp us is working on the study.
A nursery at UNL ha s been planted to Quercus species (oa ks) to
se rve as rootstocks in a study in co ntrolling iron chlorosis in pin oak s.
Seedling black maples are being germinated and grown for a morpho logica l study to determine the difference between black maple
nd sugar maple in degree of hardiness, rooting re sponse and leaf
Lharacteristics. A redbud provenance seed source study has been
initiated where seeds are collected from different northern sources
and are now being planted in the nursery to be evaluated for hardiness, tran splanting ease, resi stan ce to injury by herbicides and heat
stress.

Improve Irrigation
Specialists at the South Central Station at Clay Center are involved
in a number of new research projects initi ated during the past year.
A project designed to improve irrigation efficiency and water application timing is being directed by Leroy Svec, district agronomist
and Dean Eisenhauer, district irrigationist. Re sults from thi s project
should be an aid to farmers in rai si ng soybean yields in the heavily
irrigated regions of Nebraska . Other soybea n projects directed by Dr.
Svec in c lude row spacing and plant population studies and cultural
prac tices. Information from these studi es co uld improve soybean
yie ld s by 20 percent when impl emented.

Pasture Renovation
Pastures have been a neglected crop in much of eastern and northeastern Nebraska for many yea rs. Production from man y pastures
can be greatly improved with the use of the management practices of
ferti li za tion , rotational grazing, and weed co ntrol. Yet , other pastures
have been abused to the pla ce where renovation with the introduction of new and improved species is needed.
Research initiated at the Northeast Station at Concord, is focusing
on developing methods of pasture reno vation that do not require
major tillage operations. George Rehm , agronomy and Russell
Moomaw, agronomy are studying the use of proper fertilization and
chemica l control of co mpetitive grasses and weeds on the time required for stand establishment. The objective of this type of research
is to develop procedures whereby grasses and/or legume s can be
estab li shed in one year and pastured in the year following establishmen t.

Weed Control Research
Weed problems and farming techniques continue to change and
farmers are faced with an ever-increasi ng number of questions about
weed control. Dr. Robert Wi lson, weed scientist, Panhandle Station,
Scottsbluff, examines new and existing weed control methods in
order to gain answers to aid the farmers. A substantial portion of his
resea rch deal s with herbicides or chemical weed control.
One facet of thi s research involves assessing weed control potentia l for herbic ides already on the market. As soi l characteristics and
c limatic co nditions vary throughout the state, it is necessary to determine the effectiveness of a herbicide for the specific conditions of
the Panhandle. Another aspect of Dr. Wi lson's research pertains to
new herbicide s whi c h need considerable testing before being
granted a label for marketing. In each instance, it is necessary to
ascertain the optimum rate of herbicide application and rate of herbicide degradation , or breakdown, under va riou s cropping systems
specifi c to the Panhandle.
Resu lts from Dr. Wi lson's studies provide the farmers with an unbiased performance report on individual herbic ides. From these and
other studies, the University of Nebraska is able to establish herbicide reco mmendations. Thi s information allows the grower to easily determine what weed s a herbi c ide will control, the rate of herbic ide application for hi s particular loca le, and the proper method of
application.
Of real co nce rn to Panhandle farmers is the necessity for hand
labor in sugarbeet fie ld s. The development of new weed control
techniques has the potentia l to allow the farmer to reduce the
amount of hand labor. By substituting chemical forms of weed contro l for hand labor, th e grower has the potential to reduce the cost of
weed control by at least half, and in the long run reduce the overall
cost of producing sugarbeets.
Dr. Wil so n ha s been actively involved in weed control resea rch for
the past four years and continu es to screen herbicides, devise new
equipment for chemical and non-chemical control and otherwise aid
th e farmer in co ntain ing the cost ly endeavor of w eed control.

Herbicides and Ecofallow
The Ecofa llow system of producing dryland corn and so rghum
following wheat is an established practice in Southwest Nebraska ,
however, heavy residue, lower soi l moisture temperatures, greater
moisture storage and other factors have created a new crop culture
demanding the attention of agronomic researchers.
Currently at the North Platte Station, Gail Wicks, weed scientist, is
continuing herbicide experiment s aimed at improving weed control
practices; Dr. Gary Hergert, soi ls scientist, is studying nitrogen rates
and so urces for Ecofallow corn; ag engineer Norm Klocke is deve loping improved planting equipment to move through heavy re sidue; Dr. Paul Nordquist is conducting additional corn and sorghum
variety trial s; and Dr. Jack Campbell is mon itoring the insect situation.

The
Hamburger
Story

Beef Shortages
Exceed Demands
By AI Wellman
For the past 20 years or more the
common practice of beef consumers, when confronted by short term
rising beef prices, was to shift to
lower priced beef cuts and hamburger. For short periods of time
some families even tried to increase
their consumption of competing
meats. Usually, the preference and
taste the American consumer has for
beef wins out. Either incomes increase or beef prices level out, but
somehow the consumer's beef eating habits revert back to normal.
Short run beef supply changes
have been common to the beef industry for years. From the mid
1950's to 1976, the general beef
production trend has been consistently upward. The beef supply, in
terms of beef consumption per person, is noted in Figure 1.
The situation facing the beef con-
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sumer recently underwent a fundamental change. Faced with low
market prices, cattlemen started I iquidating their herds in 1974-75.
Total beef supplies increased
through 1976. The liquidation continued and the cattle inventory reduction, which should bottom out in
1979, will be the sharpest reduction
on record. The consumer started to
see the changes in 1978. The demand for beef continued to increase
because of (1) rising consumer incomes, (2) increased popularity of
modern fast food outlets, (3) a continued demand for easy-to-serve
meals (over 50 percent of the beef
consumed is hamburger) and, (4)
evidence that people are eating
more meals away from home. The
result is that the bulk of these demand factors put extreme pressu re
on the ham bu rger part of the cu rrent
dwindling beef supplies.
The point is that total beef

suppl ies are near the levels of 10
years ago, dem.md for beef continues strong, suppl ies of beef (especially hamburger) are down, pressure on hamburger supplies will
continue to increase, so the days of
the consu mer sh ifti ng to "cheap"
hamburger may be over.
Prices for all red meats are expected to rise 10 to 15 percent this
year, with hamburger prices up considerably more. For the consumer
this means that the love of hamburgers will shorten the stretching ability of the consumer's beef dollar.

How It Happened
In the 1960's and early 1970's
suppl ies of choice beef expanded
because large supplies of feedlot
cattle were produced from relatively
inexpensive feed grains. The overall
cattle herd expanded fairly rapidly to
meet the demand for beef exhibited
by the American consumer. Feed

starting to rebuild his cow herds and
holding back more heifers for future
cow herd replacements. The pressure today is to put young beef animals into the feedlot and feed them
to heavy slaughter weights to increase total beef production. The reduced culling of cows and limited
numbers of cattle going from pasture
to slaughter has put even more short
term pressure on hamburger type
cattle. The situation is-less lean
hamburger type beef in the face of
an increasing demand for this very
type of beef. The result is rising
hamburger prices. The situation will
not correct itself soon. In fact, hamburger prices may continue to run
relatively higher than other choice
beef cuts as the cow herd is rebuilt.
As the culling rate drops, so does the
cow slaughter. Since cow beef is the
major source of hamburger, the
pressure will continue on hamburger
prices for three to five years or more.

grain prices rose sharply in 1973
forcing cattle feeders to cut back on
the number of cattle in feedlots. The
result was choice beef supplies
dropped but supplies of lean beef
and hamburger type beef increased.
The increased total supply of beef
pushed prices lower and the cattle
producer started reducing his cattle
numbers so he could cut his costs.
The cattle producer had a tough time
financially from 1973 to 1977. Low
cattle prices, droughts in forage producing areas, high feed costs and
bitterly cold winters forced the cattle
producer to trim his herds and
further reduce his losses.
Beef su ppl ies increased sharply
(especially hamburger suppl ies), retail prices dropped and consumers
ate more and more beef. Beef consumption reached an all-time high of
129 pounds (58.1 kg) per person in
1976 (See Figure 1).
The herd reduction finally was reflected in reduced beef supplies in
1978, and cattle prices rose. Of
course, these higher prices meant
that the consumer was paying more
for beef at the supermarket and the
higher cattle prices continued into
1979.
Today, cattle feeders are showi ng
some profit on grain-fed cattle. The
cow-calf and feeder cattle producer
is responding to the price signals by

Cattle Cycle

The changes in beef supplies and
prices over time are all part of the
cattle cycle. Most cattle cycles are
about 10-12 years long and the
major reasons are biological and
economic. The biological part is tied
to the cow and the time required
once the decision has been made to
breed the cow to produce a market-
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able offspring. For example, if a
heifer calf is born today, it will take
over three years before her offspring
would reach a slaughter weight (See
left side of Figure 2). If a mature cow
is bred today, it will take well over 2
years for her offspring to reach
slaughter weight (See right side of
Figure 2). The economic part of the
cattle cycle is tied to cattle prices.
The price signals received by the
beef industry in 1974-1977 are basically responsible for the beef
supplies available today. Correspondingly, the higher prices being
received today will largely be responsible for the beef supplies the
consumer finds in the supermarket
in 1983-1985 and beyond.
A look at the U. S. cow inventory
will provide some idea of how long
it will take to increase beef supplies.
The total cow herd peaked in 1975
at about 56.9 million head. The liqu idation of inventories then started
and beef supplies peaked in 1976.
The total cow herd has declined to
an estimated 47.8 million head in
1979. Let's assume we need about
58 million head of cows to provide
beef suppl ies at acceptable prices.
This number of cows should also put
hamburger supplies and prices
somewhat back into line with the
other beef cuts. At a cow herd
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Hamburger .. .
growth rate of two percent per year,
it will take 10 years to reach 58 million head of cows. A three percent
per year rate takes seven years. Consumers can take heart because the
cow herd growth rate from 1973 to
1975 was nearly four percent so it is
possible that less time may be
needed. Of course, the cattle producer should also remember the
price consequences of expanding
the cow herd too rapidly.
In the meantime, domestic beef
supplies will be at relatively low
levels and will run below 19751977 levels for several years. Cattle
inventories will be rebuilt and total
beef supplies will start increasing in
the next three to five years. Beef
prices should then weaken. Extreme
pressure will remain on hamburger
supplies and prices throughout this
time because of the consuming public's shift in eating habits and their
desire for quick, easy-to-serve meals
with beef. The days of shifting to
"cheap" hamburger are gone for
now and probably until the mid to
late 1980's.0
AL WELLMAN is extension economist (marketing), University of Nebraska-Lincoln, Institute of Agriculture and Natural Resources.
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-Dixon CountyBy Leon H. Rottmann
Clara had her hair "done" and had a new dress just
for the occasion. Oscar was "way early," but as he
said, "By golly, I wanta make sure I don't miss nothin'.
I took my bath at 10 this morning so I'd be on time."
Just what was going on? It was the Fall Tea to honor
the ten adopted grandparents of the Concordette 4-H
Club at Concord, Nebraska. The tea was held in the
multi-purpose room of the Northeast Station of the Institute of Agriculture and Natural Resources located
two miles east of Concord. It was a time to recognize
"grandparents," 4-H members, club leaders, area extension agent sponsors, and parents. It was a very
happy time and most of all it was a time to shareconversation, ideas on what had been accompl ished in
this 4-H program, and a showing of summer projects.
For the Concordettes, the Adopt A Grandparent program meant times to get together just to talk, some
special times to do some experiments in cooking that
the 4-Hers had prepared themselves, and a time to look
over projects in clothing or weaving or a row of carrots
that could be ready to show at the Dixon County Fair.
This 4-H Club emphasized programs in Home Economics so the things they had to share were from
cooking and sewing projects and one garden showing.
The opportunities to get together for club members and
"grandparents" were mainly social, but there were
many assists in correcting a stitch or critiquing a muffin. One 4-Her learned this practical hint very well:
"you have to be a good ripper, before you can be a
good sewer."
Many pictures were shared at the tea. The grandparents had wallet photos of their own grandchildren and
now had additions of snapshots of their newly adopted
hometown "grandchild." One of the major activities
for the afternoon was taking more pictures-for the
newspaper, for mailing to relatives, and just to remember this special time together.
Club leaders for the Concordettes of Dixon County
are Mrs. Ave Olson and Mrs. Dolores Erwin. The Area
Extension Agents of the Cooperative Extension Service
who have sponsored this program are Valerie
Schellpeper of Hartington and Anna Marie Kreifels,
Concord.
The 4-Hers kicked off the Adopt a Grandparent program in October, 1978. After a year, they plan to contunue with their new "family members" and keep right
on going. When it was suggested that they may want to
change "grandparents" for next year and learn to know
some new people, there were some long faces and a
special calm and quiet came over the room. The message was clear: the same kids will keep the same
grandparents for 1980.
Diane Olson, age 8, has shared pictures and baked
things with Mrs. Rowena Clark. They have had good

A-H' ers Adopt Grandparents
times celebrating birthdays and have discussed the
story of the Clark Brother's Grocery. As Rowena says,
"we used to operate out of a barrel instead of a can or
the freezer."
Melissa Johnson, also age 8, visited Clara Swanson
who knows Swedish history through and through, although she is not a native of Sweden. Clara has a rich
national and religious background along with over
forty years on a farm in northeast Nebraska.
Fern Conger came to Concord from western Nebraska. She has the strawberry patch of Concord, in
which she involved Karen Rehm, age 10. Along with
her specialty of growing strawberries, Fern 'likes to
cook, and cook she did with Karen paying close attention.
Esther Ruebeck and Kathy Rhodes, age 11, became
fast friends. Because it was such a long winter, they
visited often, since at times it was not possible to get
out of town. Esther and her husband once ran a restaurant in Concord, so Esther is a first hand in hosting
and meeting the public. She and Kathy have a warm,
pleasant association,
Carol Erwin called to inquire about becoming a part
of the Adopt a Grandparent program, She has no family
members who live nearby so Sheila Luedtke, age 11,
has been "my real family right here at home." The
Erwins were formerly hog farmers; Mrs. Erwin enjoys
sharing her home and stories of farm I ife now that she is
retired.
Ernie Reith has a very high interest in automobiles
and engine repair. He's still at it and enjoys "fixin' 'em
up." Cara Dahlquist, age 12, visited Ernie and shared
parts of several cooking projects. "He always thinks I

do very well, so I hope he judges at fair time," she
commented.
Shelly Luedtke, age 14, visited Oscar Johnson who
came to Nebraska from Sweden. Oscar was a farmer
until retirement and now travels and "really enjoys
life." Oscar has a passport, pictures, and many stories
to share about his travels, but most of all he likes things
as they are-right in Concord, Nebraska. Shelly also
visited Jocille Bull of Wayne as time premitted. Mrs.
Bull is very active in community and agency activities
for older persons, so through her interest, the Concordettes had contacts with several senior citizen groups
from the area.
Martha Reith used to live on a farm just over the hill
from the "ag farm" which surrounds the Northeast Station. She is a gracious hostess who likes people and is
very fond of children. She continues to teach a Sunday
School class and was a grandparent to Jill Hansen, age
14.
Many of the "grandparents" attended the Dixon
County Fair in August to view the exhibits of all 4-H
members, but they were there especially to cheer for
the Concordettes. This 4-H Club sponsored a photography exhibit, a showing of crewel pillows, several
clothing ensembles, quilts, and a unit of finger paintings and wrapped boxes. All Concordette members received purple ribbons in the minds of their grandparents and all of the grand parents received high
praise, first prize awards, and purple ribbons in the
minds of their newly adopted grandchildren. They've
made a match. They have truly adopted one another.D
LEON ROTTMAN

is extension specialist, Human Development and

Family.

Members of the Adopt-A-Grandparent program: Front (I to r) Diane Olson, Karen
Rehm, Melissa Johnson; Seated: Martha
Reith, Eliza Isom, Carol Erwin, Rowena
Clark, Clara Swanson, Fern Conger; Standing: Jill Hanson, Mary Lehman, Sheila
luedtke, Ernie Reith, Cara Dahlquist, Shelly
luedtke, and Kathy Rhodes.
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Figure 1. One of a pair of twins and it's dam.
Notice the coarse wool, conformation and
color markings on this unusual lamb. (Photo
courtesy Pat Oswald)

Hybrid or Crossbreed?

Genetic Study Shows the Basic Difference
By Franklin Eldridge
and Ted H. Doane
The birth of an unusual animal has
caught people's attention since the
earl iest records of I ivestock husbandry. The very foundation of the science of Genetics depends upon the
variation observed among individuals within a species. Without individual variation, the study of
hereditary characteristics cannot be
made.
Occasionally, a group of animals
are born which are so markedly different from expected, it is suspected
they are the result of the crossing of
different species. These suspicions
are especially strong when animals
thought to be different species have
been penned together. Some species
do cross readily, such as the horse
and the ass which produces a mule,
that is sterile, or coyotes and dogs in
which the offspring are fully fertile.
However, general similarities may
exist between two species but seldom or never can be crossed to produce viable offspring. Examples of
these are sheep-goats, deer-antelope
or cottontail rabbits-jackrabbits. Still
other species cross rarely and the
26

offspring may be difficult to rear and
may have low fertility such as the
pheasant-ch icken and cattle-bison
(North American buffalo).
When highly unusual animals are
found, and there is a possibility that
they might have been the result of a
species cross, the owner usually
would like some positive evidence
either supporting or disproving the
hypothesis. The appearance of the
animal may not be sufficient proof,
but instead may lead to controversial
opinions. One method for obtaining
a more positive conclusion, free
from subjective opinions, is the observation of the chromosomes from
the offspring and its parents. If the
two species have recognizable differences in their chromosomes, reliable conclusions can be made.
The Suspected Hybrids
On June 21, 1978 a northeast Nebraska newspaper, The Norfolk
Daily News, printed an article by Pat
Oswald about some possible
sheep-goat hybrids. The owner, Tom
Frahm, Winside, had purchased
some bred ewes at a sale, and when
the lambs were born, they had nar-

Figure 2. Notice the horns when several
months old, not an uncommon trait in crossbreds. (Photo courtesy Tom Frahm)
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Figure 3. Karotype of a female goat. All chromosomes are acrocentric, which means the
centromere is located at one end, not in the middle.
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Figure 5. The chromosomes from a cell of one of the unusual appearing males as it appears
under the microscope. Notice the Y chromosome (at the arrow) which has been further enlarged in the inset. This chromosome determines the sex of the animal.

rower heads, shallower bodies and
lighter bone than the lambs from.
breeds commonly found in Nebraska. (See Figure 1) The wool was
coarser than expected, with spinning
counts of 36-44. Horns were observed on some offspring, but this is
not uncommon in many crossbreds.
(See Figure 2.) The wool color was
variable from white to black with
many brown variations. Spots were
common throughout the body, but
by several months of age most of
these had disappeared. (See Figure
6.)
The ewes were of Suffolk origin,
but mixed with nondescript types.
The ram had also been sold at the
sale but was not traceable. However, his description would fit a Barbados Blackbelly sheep or the ram in
derogatory terms might have been
called a goat. On three different visits one of the authors observed these
lambs and their dams, photographed
them and obtained blood samples
for chromosome analysis.

Chromosome Studies
Techniques for accurately observing chromosomes of livestock
have been available for only about
15 years. Since these techniques
have been developed, the number,
size and form of the chromosomes in
sheep and goats have been clearly
observed and described.
Goats have 60 chromosomes, all
of which are acrocentric, which
means that the centromere is located
at or near one end. This causes all of
these chromosomes to have the
same general form as seen in Figure
3. They form a continuous series
from the longest chromosomes
which are designated as pair one, to
the shortest chromosomes which are
designated pair 29. The two other
chromosomes are designated as the
sex chromosomes.
Domestic sheep and several wild
species have 54 chromosomes.
Three pairs, or six chromosomes are
called 5ubmetacentric, since their
centromeres are located near the
center, as shown in Figure 4. This
location of the centromeres causes
these chromosomes to have a form
which is much different, and easily
distinguished from the acrocentric
(Continued on next page)
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chromosomes. In addition, the small
V-chromosome, which causes the
animal to be a male is also
metacentric.
Hybrids resulting from mating
sheep with goats have occurred, but
only with extreme rarity. Live offspring from such crosses are even
more rare. Most of the embryos
which have resulted from crossing
sheep by goats die and are aborted
or resorbed during the early portion
of the gestation period. In several
cases of these crosses, the chromosomes have been observed in the
early embryos, before their death,
and there were 57 as expected. The
goat provided one-half of 60
chromosomes,or 30 and the sheep
one-half of 54 or 27. In one case
where the hybrid an imal was born
alive, chromosome studies revealed
57 chromosomes as in the early hybrid embryos.
The following results were obtained from cultured blood samples
from the ewes and lambs in this investigation. The chromosome
number from the ewes was 54 in all
three animals which is normal for
sheep. The chromosome number
from the offspring were also found to
be 54 as counted in 5-20 cells from
each of the 7 offspring. In addition,
each offspring had 6 clearly identifiable submetacentric chromosomes
as seen in Figure 5 which was from
one of the male lambs. These COUf1ts
clearly indicate that the offspring
were the result of mating the ewes to
a male which also had 54 chromosomes, including 6 submetacentrics
and was therefore clearly not a goat.
Unfortunately his own chromosome
number could not be observed directly.
These studies show clearly that
the unusual offspring were not sheep
x goat hybrids even though they appeared to be markedly different from
lambs born in normal population of
Nebraska sheep.
Chromosome studies, using
cytological techniques recently developed, can be used to answer
questions such as this one about
possible hybrids between species.O
E. ELDRIDGE and TED H. DOANE are
professors, animal science at the Institute of
Agriculture and Natural Resources.
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Figure 6. With age, the spots apparent at bi rth had disappeared to a great extent in some of the
offspring.

